The most obvious functional differences between mammalian males and females are related to the control of reproductive physiology and include patterns of GnRH and gonadotropin release, the timing of puberty, sexual and social behavior, and the regulation of food intake and body weight. Using the rat as the best-studied mammalian model for maturation, we examined the expression of major anterior pituitary genes in five secretory cell types of developing males and females. Corticotrophs show comparable Pomc profiles in both sexes, with the highest expression occurring during the infantile period. Somatotrophs and lactotrophs also exhibit no difference in Gh1 and Prl profiles during embryonic to juvenile age but show the amplification of Prl expression in females and Gh1 expression in males during peripubertal and postpubertal ages. Gonadotrophs exhibit highly synchronized Lhb, Fshb, Cga, and Gnrhr expression in both sexes, but the peak of expression occurs during the infantile period in females and at the end of the juvenile period in males. Thyrotrophs also show different developmental Tshb profiles, which are synchronized with the expression of gonadotroph genes in males but not in females. These results indicate the lack of influence of sex on Pomc expression and the presence of two patterns of sexual dimorphism in the expression of other pituitary genes: a time shift in the peak expression during postnatal development, most likely reflecting the perinatal sexspecific brain differentiation, and modulation of the amplitude of expression during late development, which is secondary to the establishment of the hypothalamic-pituitary-gonadal and -thyroid axes.
INTRODUCTION
Sexual differentiation in mammals begins during early development as a result of a combination of genetic, hormonal, epigenetic, and additional sex-specific events and continues throughout the life span [1, 2] . The transient activation of the hypothalamic-pituitary-gonadal axis during prenatal life leads to an increase in circulating sex steroids, which play a critical role in the organization of the brain and other tissues [3] . In short-gestation species, such as rodents, the male typical neural differentiation occurs between Embryonic (E) Day 14 and birth under the influence of testosterone generated by fetal testis and estradiol produced locally from testosterone by aromatization. The fetus ovaries are silent during that period, the influence of the mother's steroid hormones is blocked by a-fetoprotein, and the female-specific neural differentiation most likely starts at Postnatal Day (PND) 7 with gradual ovarian activation accompanied by an increase in estradiol levels and a decrease in a-fetoprotein production [4] . Sex differences in behavioral, physiological, or morphological end points are the consequence of changes arising from turning on or shutting off gene expression, causing differences in receptor, hormone, or enzyme protein level expression [5] .
In rats, the postnatal period is divided into five developmental phases based on morphological and endocrine changes: 1) neonatal (the first 7 PND), 2) infantile (from PND 8 to 21), 3) juvenile (from PND 22 to 30 in females and from PND 22 to 35 in males), 4) peripubertal (from PND 31 to 40 in females and PND 36 to 60 in males), and 5) adult phase (from PND 41 in females and from PND 61 in males) [6] . Sexual differentiation of rat pituitary functions has been extensively studied at the level of hormone production and release, leading to a better understanding of developmental phases and puberty. There have also been several attempts to characterize the sexspecific transcriptional activity in pituitary glands in developing animals using various methods [7] [8] [9] [10] [11] [12] . However, none of these studies analyzed the differentiation of gene expression for all five secretory cell types in both sexes during development.
The focus in our study is on sexual differentiation of secretory anterior pituitary cells: corticotrophs, somatotrophs, lactotrophs, thyrotrophs, and gonadotrophs. In adult mammals, corticotrophs represent approximately 15%-20% of anterior pituitary cells, which express the pro-opiomelanocortin (Pomc) gene. The protein transcript POMC is posttranslationally modulated by intracellular proteolytic cleavage into an Nterminal peptide, ACTH (1-39) and b-lipotrophic hormone [13, 14] . Somatotrophs represent up to 50% of cells expressing growth hormone (Gh1) genes, leading to synthesis and secretion of GH, a single-chain polypeptide, processes regulated by hypothalamic GH-releasing hormone and somatostatin. The sister cells, lactotrophs, account for up to 25% of pituitary cells and activation of prolactin (Prl) gene expression and accompanied PRL synthesis, and secretion is regulated by many hypothalamic and intrapituitary factors, including oxytocin, thyrotropin-releasing hormone, and dopamine [13, 14] . Thyrotrophs represent less than 10% of cells expressing gonadotroph/thyrotroph-specific a subunit (Cga) gene and the thyrotroph-specific thyroid-stimulating hormone b subunit (Tshb) gene. Gonadotrophs constitute approximately 10%-15% of the anterior pituitary cell population that produce heteromeric glycoproteins luteinizing hormone (LH) and/or follicle-stimulating hormone (FSH), whose synthesis reflects the activity of three genes: Cga, Fshb, and Lhb. The hypothalamic decapeptide GnRH is the main agonist for expression of these genes, acting through G q/11 -coupled GnRH receptors and also regulating the expression of its gene Gnrhr [13, 14] .
Here we analyzed the expression profile of Pomc, Gh1, Prl, Cga, Tshb, Fshb, Lhb, and Gnrhr with real-time quantitative reverse transcription-PCR (qRT-PCR) using predesigned TaqMan Gene Expression Assays, which is a sensitive and reliable method to study gene expression in both male and female pituitaries in vivo and in vitro [15] . Experiments were performed with female and male rats from embryonic to postpubertal age. Experiments indicate the cell lineage-specific sexual dimorphism in pituitary gene expression during maturation.
MATERIALS AND METHODS

Animals
Experiments were performed with anterior pituitary tissues from normal female and male Sprague-Dawley rats of embryonic ages E18 and E20 and postnatal aged 2 days-12 wk ( Table 1 ) that were obtained from Taconic Farms. Animals were housed under constant conditions of temperature and humidity; lights were on between 0600 and 2000 h. Young rats were weaned at 3 wk of age. In our experiments, 3-wk-old animals were euthanized prior to weaning to avoid the effects of stress arising from separation. Euthanasia was performed via asphyxiation with CO 2 , pituitary glands were removed after decapitation, the posterior parts were removed (from pituitaries collected from at least 2-wkold animal), and the anterior pituitaries were collected in RNA later (Ambion, Life Technologies). Embryonic pituitaries from one pregnant female were pulled together as male and female samples. The experiments were approved by the National Institute of Child Health and Human Development Animal Care and Use Committee, National Institutes of Health (Animal Protocol #14-041).
qRT-PCR Analysis
Total RNA was extracted from individual anterior pituitary glands using an RNeasy Plus Mini Kit (Qiagen) and reverse transcribed with a Transcriptor First Stand cDNA Synthesis Kit (Roche Applied Sciences). An analysis of the relative gene expression was performed using qRT-PCR and the comparative cycle threshold method as described previously [16, 17] . For this method, LightCycler TaqMan Master mix and Lightcycler 2.0 real-time PCR systems were used (Roche Applied Sciences). To compare the relative expression levels of the studied transcripts, we ran three housekeeping genes: glyceraldehyde-3-phosphate dehydrogenase (Gapdh), glucuronidase beta (Gusb), and hypoxanthine guanine phosphoribosyl transferase (Hprt). Gusb showed low expression and high variability in the rat pituitary and could not be used as a valid control. In contrast, Hprt and Gapdh could be used for normalization, and the expression profiles of genes we studied were comparable when normalization to Hprt and Gapdh was employed. However, Hprt amplified approximately two to three cycles later, and therefore Gapdh presented a better control for highly expressed genes for pituitary hormones. Our analysis of the expression profiles of Hprt and Gapdh over development (from 2 to 12 wk of age) and between sexes, using an internal standard curve, showed that Gapdh is not a perfect control for all age-groups; the 5-wk-old females show significantly higher expression than males of the same age, while there was no variation in Hprt expression between sexes at this particular time point. This, however, would not change the gene expression profiles significantly (data not shown). Others have also shown that Gapdh has stable expression in the bovine pituitary tissue [18] . Because of these advantages, in this study Gapdh was used to compare the relative expression levels of the studied transcripts. Applied Biosystems predesigned TaqMan Gene Expression Assays were used: CgaRn02532426_s1, Lhb-Rn00563443_g1, Fshb-Rn01484594_m1, TshbRn01534458_g1, Gnrhr-Rn00578981_m1, Prl-Rn00561791_m1, Gh1-Rn01495894_g1, Pomc-Rn00595020_m1, Gapdh (Rn01462662_g1), Gusb (Rn00566655_m1), and Hprt (Rn01527840_m1).
Tissue Preparation and Immunohistochemistry
The whole embryo heads (E20) of male and female rats were fixed in Buin solution and embedded in paraffin. Tissue (7 lm thick) was cut on a microtome in the coronal plane. Following deparaffinization, tissue was labeled for ACTH, GH1, PRL, LHB, and TSHB using rabbit antiserums (1:400 dilution; incubated 2 h at room temperature) obtained from the National Pituitary Agency and A.F. Parlow (Harbor-UCLA Medical Center, Torrance, CA). Embryo tissue was labeled using a tyramide signal amplification kit with horseradish peroxidasegoat anti-rabbit IgG and Alexa Fluor 488 tyramide according to the manufacturer's instructions (Invitrogen). Sections were mounted in Mowiol (Sigma) and examined under a Zeiss Axioplan microscope equipped with a camera. Micrographs were sized and their brightness and contrast levels adjusted in Adobe Photoshop CS4.
Statistical Analysis
The results are shown relative (percentage) to the expression of the housekeeping gene Gapdh (100%) [15, 19] and are expressed as mean 6 SEM values from 6-37 pituitaries per group (Table 1) . Statistical analysis was performed by the Mann-Whitney unpaired nonparametric two-tailed test (for comparison of two data points), with a group comparison performed using oneway ANOVA and followed by a Student-Newman-Keuls multiple range test. Linear correlations and Pearson r coefficient were calculated using the KaleidaGraph Program (Synergy Software).
RESULTS
Ontogeny of Pomc Expression
The expression of Pomc in the anterior pituitary during development is summarized in Figure 1 , A and B. The developmental profiles of Pomc expression were similar in females and males and fluctuated. The expression of this gene relative to Gapdh was already high in pituitaries collected from embryos ( Fig. 1 ) and was accompanied with pronounced ACTH immunoreactivity in E20 pituitaries (Fig. 2) . Comparable levels of expression were also observed in pituitaries from 2-day-old rats and increased during the infantile period in both sexes, followed by a decline at 4 and 5 wk of age. The decline in expression was transiently interrupted at 6 wk of age, and the expression was lowered at 9 wk of age, followed by an additional rise at 12 wk of age (Fig. 1A) . Correlation analysis and the corresponding linear regression, with r ¼ 0.97, illustrate the lack of sexual differences in the expression of Pomc (Fig.  1B) . Thus, there are significant fluctuations but no sexual dimorphism in the expression of this gene during maturation.
Ontogeny of Gh1 and Prl Expression
The expression of these genes during development is shown in Figures 2 and 3 . In pituitaries from E18 rats, the expression of Gh1 relative to Gapdh was low (11.6 6 5 and 18.5 6 4.7 for females and males, respectively) but increased 50-80-fold in E20 rats, which was accompanied with pronounced GH1 immunoreactivity (Fig. 2) . Further increase in the expression of this gene was observed on PND2, followed by the secondary rise occurring from 2 to 5 wk of age (Fig. 3A) , accompanied by fluctuations in expression from 5 to 12 wk of age. Similar to BJELOBABA ET AL.
Pomc, the expression of Gh1 was comparable in males and females during the embryonic to juvenile period, resulting in a strong linear relationship (Fig. 3B, top trace) . In contrast to Pomc, the expression of Gh1 was higher in males aged 5 wk and older (Fig. 3A) , although the linear relationship was preserved (Fig. 3B, bottom trace) . The expression of Prl relative to Gapdh was very low in pituitaries from E18 (1.1 6 0.4 and 1.1 6 0.5 for females and males, respectively) and E20 rats as well as the immunoreactivity for PRL (Fig. 2) , and such low expression lasted until the age of 2 wk. After that, there was a progressive and comparable rise in the expression of this gene in pituitaries from both sexes until 5 wk of age, as illustrated by linear regression (Fig. 3D) . However, Prl expression was significantly higher in females than in males at 6 wk of age and continued to rise until adult ages, at which point higher than 8-fold higher expression was recorded in females compared to adult males (Fig. 3C) . (Table 1) , relative to Gapdh expression (set as 100%). In postpubertal females, the mean values are derived from regularly cycling animals in proestrus, estrus, and diestrus stages of the cycle. A zero on the X-axis indicates the date of birth. Also, in this and the following figures, the # symbol is used to indicate which time points differ from the previous one within males or females. Correlation and linear regression analyses and statistical evaluation are described in Materials and Methods. r, coefficient of correlation.
FIG. 2.
Immunofluorescence staining for hormones in the anterior pituitary gland of E20 male rat. Bar ¼ 100 lm and applies to all images.
SEX-SPECIFIC EXPRESSION OF RAT PITUITARY GENES IN RATS
Therefore, there is sex-and gene-specific amplitude modulation of the expression of Gh1 and Prl during peripubertal and adult ages but not during embryonic to juvenile ages.
Ontogeny of Gonadotropin Subunit Genes and Gnrhr Expression
The expression of Lhb, Fshb, Cga, and Gnrhr during development is summarized in Figures 2, 4 , and 5. In pituitaries from E18 and E20 rats, the expression of gonadotroph-specific Lhb, Fshb, and Gnrhr was low, whereas the expression of Cga was several-fold higher. In all cases, the expression of these genes relative to Gapdh was comparable between sexes (Lhb: 3.8 6 0.9 vs. 2.7 6 0.4; Fshb: 0.02 vs. 0.01; Gnrhr: 0.2 6 0.03 vs. 0.2 6 0.01; Cga: 70 6 8 vs. 69 6 11-in all cases, females vs. males). The expression of these genes was higher at E20 age, and the rise in their expression continued during the postnatal period. The immunoreactive LHB cells were also detectable in pituitaries from E20 rats (Fig. 2) .
In females, the peak in Lhb expression was reached during the infantile period, with an approximately 7-fold increase compared to the second day of age, followed by a gradual decline toward the plateau level during the juvenile and peripubertal ages. In contrast, there was a progressive increase in Lhb expression in males, reaching the peak value at the end of the juvenile period (with an approximately 14-fold increase compared to the second day of age) and a decrease during the peripubertal periods. Figure 4A illustrates a 3-wk delay in the peak expression of this gene in males compared to females and highly comparable levels of expression in adult animals.
The developmental profiles of Fshb and Cga expression were comparable to Lhb expression (Fig. 4, B and C) . In females, the peak in Fshb expression was detected in 2-wk-old females, followed by a rapid decline in expression, whereas Fshb expression in males increased steeply during the juvenile period (approximately 4-fold increase at 4 wk of age compared to 2-day-old animals), followed by a decline to a plateau value during the peripubertal period and a further decline in adult animals. The mean values of Fshb expression were significantly higher in male pituitaries during prepubertal and peripubertal periods (Fig. 4B ). In addition, there was a 3-wk shift in the peak of expression of Cga in females and males and a comparable level of expression during 4-12 wk of age in both sexes (Fig. 4C) .
In parallel with the developmental profile of gonadotropin gene expression, the ontogenesis of Gnrhr expression was also sex specific, with the peak in expression observed at 2 and 5 wk of age in female and male pituitaries, respectively (Fig.  4D) . Similarity of the profiles of gonadotropins and Gnrhr prompted us to examine statistically the relationship between Gnrhr expression and Lhb, Fshb, and Cga expression during sexual maturation using a linear correlation analysis and the r- Together, these results show that the postnatal but not embryonic rise in gonadotroph gene expression was sex specific and temporally synchronized, indicative of a dominant role of GnRH secretion pattern in expression of these genes. 
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Ontogeny of Tshb Expression
In contrast to gonadotropins, the expression of Tshb in E18 rats was higher when expressed relative to Gapdh (104 6 18 and 128 6 11 for females and males, respectively), was further elevated in E20 rats, and was accompanied by the expression of protein, as indicated by immunostaining (Fig. 2) . The Tshb expression further increased during postnatal development in both sexes, reaching a peak at 4 wk in females and 5 wk in males, which corresponds to the end of the juvenile period in both sexes. In the peripubertal and adult animals, male pituitaries always exhibited significantly higher Tshb expression than female pituitaries (Fig. 6A) . Consistent with the contribution of thyrotrophs to Cga expression, linear regression analysis revealed a significant correlation between Cga and Tshb expression in pituitary glands from developing male rats (Fig. 6B) . However, there was no correlation in the expression of these two genes in female rats (data not shown). Furthermore, there was a highly significant correlation between Tshb and Lhb expression in males (Fig. 6C) and a lack of correlation in females (data not shown). There was also a significant linear relationship between Tshb and Gnrhr expression in males (P , 0.01) and no correlation in females (data not shown). Thus, there is the sex-specific postnatal expression in Tshb, which in males but not in females temporally synchronizes with the expression of gonadotrophspecific genes as well as with the expression of common Cga.
DISCUSSION
The hormone-secreting anterior pituitary cells differentiate in a temporal-and spatial-specific fashion as three separate lineages under the influence of various transcriptional factors [20] [21] [22] . In this study, we show that sexual differentiation diversely influences these cell lineages. First, there was a lack of sexual dimorphism in Pomc expression in corticotrophs from embryonic to adult ages. In embryonic rats, we were also unable to observe the sex-specific pattern of expression of other pituitary genes, but there was an obvious difference in the expression levels relative to Gapdh for E20 animals in the order Pomc . Gh1 . Tshb . Cga . Lhb . Prl . Fshb . Gnrhr. In concordance with gene expression analyses, ACTH and GH immunoreactivity was pronounced in E20 rats, while only a small fraction of cells showed PRL immunoreaction. The results further indicate the presence of two patterns of sexual dimorphism in the postnatal expression of other pituitary genes: 1) different developmental profiles caused by a time shift in the peak expression during development (Fshb, Lhb, Cga, Tshb, and Gnrhr) and 2) the modulation of the amplitude of expression during the peripubertal and postpubertal periods (Gh1, Prl, Fshb, and Tshb). Thus, both patterns of sexual programming are operative in gonadotrophs and thyrotrophs, whereas only the amplitude modulation pattern is operative in somatotrophs and lactotrophs.
Both Pomc expression and ACTH release are induced by hypothalamic corticotropin-releasing hormone through its type I receptor. ACTH stimulates the secretion of glucocorticoids from the adrenal cortex, and cortisol/corticosterone feedback inhibits the hypothalamic-pituitary-adrenal axis [23] . The programing of this axis in most mammalian species occurs during the last few days of pregnancy with a surge of fetal glucocorticoid [24] . Previously, the developmental expression of Pomc in female and male rat pituitaries was not studied systematically. Our results suggest that this gene is not influenced by gonadal steroids during late embryonic and postnatal development. However, the regulation of ACTH secretion in adult animals might be diverse because the stressor-specific sex differences in ACTH serum levels were reported [25] .
The significance of high Pomc expression during the first weeks of rat life we report here has yet to be determined. Younger animals, from 4 days to 2 wk of age, are generally unresponsive to stressors [26] , and the hypothalamic-pituitaryadrenal axis is mostly under maternal influence [27] . Additionally, there are substantial differences in POMC processing between neonatal and adult rats, and even at weaning age, there is a considerable amount of original-size product. Despite these observations and fluctuations in Pomc expression, there seem to be no differences in basal ACTH serum levels during rat ontogeny [26] .
Here we also show a progressive increase in Gh1 expression in both sexes during the embryonic to juvenile period. In contrast to Gh1, Prl was practically silent from E18 to 2 wk of age; that is, the expression of this gene was delayed for almost 3 wk compared to the Gh1 expression, followed by a progressive increase in expression from 3 to 6 wk of age. For both genes, the sex-specific expression pattern was established during peripubertal age: for Gh1, higher in males, and for Prl, higher in females. Comparable Gh1 expression during the neonatal to juvenile period and an amplification of expression in the peripubertal and postpubertal periods were reported previously [28] . Others also observed higher Prl expression in female pituitaries, developing as well as adults [28, 29] .
In parallel to gene expression, a sexually dimorphic pattern of GH and PRL secretion was observed in adult rodents and humans [30, 31] . It appears that the specific gonadal steroid hormone environment is primarily responsible for these sexrelated differences in Gh1 expression and GH secretion [32, 33] ; androgen facilitates GH secretion, and estrogen inhibits it [34] . Sex steroids directly affect Gh1 expression but also influence GH-releasing hormone and somatostatin action on the pituitary [35] . In contrast to somatotrophs, the expression of Prl [36] and the secretion of PRL [31] are stimulated by estradiol at the pituitary level.
Furthermore, both genes have specific sites of methylation, which could determine the levels of Gh1 and Prl expression in rat GH 3 immortalized cells [37] , and the hypomethylation of Gh1 in the pituitary is involved in Nile tilapia male growth superiority [38] . Although sex differences were not investigated, the hypomethylation of Prl is thought to be responsible for high pituitary expression of this gene [39] . Therefore, it is reasonable to conclude that sexual dimorphism in Gh1 and Prl expression not only driven is by the sex-specific programming of the brain but also could include additional mechanisms of regulation.
Similar to Gh1 expression, the expression of Fshb was higher in male than female pituitaries during the peripubertal and postpubertal periods, most likely reflecting the suppressive effects of estradiol on the expression of this gene in females [40] , whereas there was no obvious sex-specific difference in the amplitude of Lhb and Cga expression. However, gonadotrophs show a time shift in peak gene expression during development. In females, the expression of gonadotroph-specific Gnrhr, Lhb, and Fshb, as well as gonadotroph/ thyrotroph-specific Cga, reached peak expression in the middle of the infantile period (2 wk of age), whereas in males, the peak expression occurred toward the end of the juvenile period (5 wk of age). This finding is in general agreement with the literature [9] [10] [11] 41] and with well-established developmental patterns in rodents, in which females enter puberty earlier than males [6] .
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Our results indicate that not only the timing of the peak in gonadotroph gene expression but also the time needed to reach the peak in gene expression differ in females and males; in females, the rise in gonadotroph gene expression was rapid compared to the gradual increase in males. Other studies have noted elevated LH and FSH levels in female rats between PND 10 and 20, and it appears that this finding is not related to the status of estrogens because males show almost comparable serum levels of estradiol during this period [42] . Initial antral development of follicles was observed in 8-to 14-day-old females, suggesting that gonads are responsive to pituitary gonadotropins [43] .
A strong correlation between Gnrhr and gonadotropin gene expression during the development of both females and males, shown for the first time here, indicates that a common factor underlines different patterns of gonadotroph gene expression in males and females and synchronization in their expression during maturation. According to the neurobiological perspective, the activity of GnRH neurons in the hypothalamus is the hallmark of puberty onset, leading to gonadal maturation and reproductive functions [44, 45] . GnRH, acting as an agonist of the GnRHR expressed in pituitary gonadotrophs [46] , was shown to control the expression of these genes and proteins [47] [48] [49] [50] as well as Gnrhr [51] . Our results may imply that GnRH is more frequently or abundantly released in prepubertal females than it is in males. Some findings support this hypothesis. Although kisspeptin peptide can induce GnRH secretion before sexual maturity in both males and females [52] , its expression in the arcuate nucleus of female rats rises from PND 5 on, whereas in males, its expression could not be detected until PND 25 [53] .
Two additional factors may also contribute to sexual dimorphism in the gonadotroph-specific expression of genes. First, GnRH induces spatial repositioning of gonadotrophs in the tissue [54] , and an early histological study showed that basophilic gonadotrophs in the sex zones of female pituitaries at the age of 2 wk are more numerous than in same portions of male pituitaries [55] . Being close to the surface of the gland and median eminence, these cells could also be more influenced by hypothalamic factors and more responsive than the cells located deeper in the gland stroma, resulting in higher Gnrhr and gonadotropin gene expression levels. Second, infantile females are also responsive to additional factors. For example, 5-hydroxytryptamine is able to increase serum LH levels in infantile females but not in infantile males. Involvement of GABAergic, catecholaminergic, dopaminergic, and glutamatergic systems in the control of gonadotropin secretion during sexual maturation was also reported (for review, see Moguilevsky and Wuttke [56] ). It is unknown, however, to what extent these signaling pathways might be involved in the direct control of gonadotroph gene expression during development.
To the best of our knowledge, the developmental profile of Tshb expression in female and male rats was not studied previously. Our data indicate a substantial expression of Tshb expression in embryonic rats, in contrast to Lhb and Fshb expression. In thyrotrophs, similar to gonadotrophs, there was a time shift in the postnatal expression of Tshb. However, in males but not females, the expression of this gene was synchronized with the expression of Cga and gonadotrophspecific genes and amplified during the peripubertal and postpubertal periods. The lack of synchronization in gonadotroph and thyrotroph gene expression in females could reflect the thyrotroph specificity determined by the binding sites for both Pit-1 and GATA2. Further studies are needed to clarify the mechanism by which such synchronization was achieved in males.
In conclusion, here we provide for the first time the developmental profile of eight major pituitary genes under identical experimental conditions. Our results indicate the lack of sexual dimorphism in Pomc expression from embryonic to adult age. Our results further indicate the lack of sexual dimorphism in expression of seven other genes from E18 to 2 days of age, a period critical for sexual differentiation of the brain. However, there was a clear sexual dimorphism in the expression of gonadotroph-specific genes during infantile to peripubertal period and a highly synchronized expression of these genes in both males and females. In males but not females, the expression of Tshb was also synchronized with the expression of gonadotroph-specific genes. Embryonic to neonatal differentiation of the brain did not influence the expression pattern of Gh1 and Prl, and there was a substantial delay in initiation of expression of Prl. However, during the peripubertal period, sexual programing was established. This cell type-specific differentiation of the anterior pituitary gland determines the sex-specific timing for the development and maturation of the hypothalamic-pituitary-gonadal and -thyroid axes, which in turn affects the expression of Lhb, Fshb, Prl, and Gh1. 
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